The diffusion of elements of commercial porcelain for titanium into titanium oxide during heating was investigated.
INTRODUCTION

RESULTS
The thicknesses of the titanium depositions determined by surface roughness analysis and ellipsometry are summarized in Table 1 . We could not determine the thickness of deposit on low-Ti specimens using surface roughness analysis because the titanium deposit was too thin; i.e. the step size between the deposit area and the non-deposit area on the slide glass was too small. In high-Ti specimens, the thicknesses measured by both methods were almost the same.
In non-Ti specimens of all porcelains, boron, carbon, oxygen, sodium, aluminum, silicon, potassium, zinc, and tin were detected using XPS, as summarized in The Ols spectrum should be decomposed into component spectra originating from oxides, hydroxyl groups and/or hydroxides, and hydrate and/or adsorbed water11). Values in parentheses represent the concentrations of oxide-state oxygen, which does not include those of hydroxyl groups and adsorbed water.
Moisture in air is easily adsorbed as hydroxyl groups by the surface of titanium oxide12). In non-Ti specimens, the concentration of silicon, the main component of the porcelains, was 30-38%, representing most abundant element except for oxygen. The concentration of boron in the porcelain used in the study was much higher than that in conventional porcelains13). The concentrations of boron, aluminum, silicon, calcium, zinc, zirconium, and tin decreased with the increases in the amount of titanium deposited, and these elements were undetectable in high-Ti specimens.
However, sodium, potassium, and barium, along with oxygen and titanium, were still detected even in high-Ti specimens.
The concentration of oxygen was almost constant when only oxidestate oxygen was watched.
The amount of titanium increased with the increases in the amount of titanium deposited.
Core-level binding energies of elements in the specimens are summarized in Table 3 . Those of boron, sodium, aluminum, silicon, potassium, calcium, titanium, zinc, zirconium, tin, and barium were in the oxide state as determined from published binding energies10,14). The titanium detected in non-Ti specimens of porcelains B and C existed as TiO2. Ti2p spectra obtained from high-Ti specimens are shown in Fig. 2 . Ti2p3/2 spectra were symmetrical, and the FWHMs of the spectra were approximately 1.4eV, indicating that the titanium consisted of a single phase. The binding energy of the spectra revealed that titanium atoms exist in an oxide state whose valences were in a range of 3-4, determined by comparison with published binding energies10,14.15). According to Fig. 2 , the valences of titanium in all porce- 
